25 Numerous lineages of mushroom-forming fungi have been subject to bursts of diversification 26 throughout their evolutionary history, events that can impact our ability to infer well-resolved 27 phylogenies. However, groups that have undergone quick genetic change may have the highest 28 adaptive potential. As the second largest genus of mushroom-forming fungi, Russula provides an 29 excellent model for studying hyper-diversification and processes in evolution that drives it. This 30 study focuses on the morphologically defined group -Russula subsection Roseinae. Species 31 hypotheses based on morphological differentiation and multi-locus phylogenetic analyses are 32 tested in the Roseinae using different applications of the multi-species coalescent model. Based 33 on this combined approach, we recognize fourteen species in Roseinae including the Albida and 34 wholly novel Magnarosea clades. Reconstruction of biogeographic and host association history 35 suggest that parapatric speciation in refugia during glacial cycles of the Pleistocene drove 36 diversification within the Roseinae, which is found to have a Laurasian distribution with an 37 evolutionary origin in the Appalachian Mountains of eastern North America. Finally, we detect 38 jump dispersal at a continental scale that has driven diversification since the most recent glacial 39 cycles. 40 41
Introduction

44
The genus Russula is one of the most taxonomically diverse genera of mushroom-275 2.6.
Phylogeography, ancestral host reconstruction, and climate modeling 276 Ancestral geographic states for the Roseinae clade were inferred using the R package (R 277 Core Team, 2015) 'BioGeoBEARS' (Matzke, 2013) . The package allows for model testing 278 between a number of popular biogeographic models including DEC, DIVA, and BAYAREA 279 models with the inclusion of an additional parameter called the jump (j) parameter, which 280 simulates founder-event speciation events. The package also uses probabilistic inference of 281 historical biogeography using a ML estimation of parameters with the quasi-Newton method 282 with box constraints and calculates the ancestral states under the globally optimum model 283 (Matzke, 2014) . Geographic states were coded based on the recovered ranges of species and 284 whether these ranges overlap with areas that were glaciated at the Last Glacial Maximum 285 (LGM), refugia for boreal species at LGM, or refugia for temperate species at LGM (Pielou, 286 1991) . (Table 1) . No well-supported incongruencies between gene trees were detected, so a 299 concatenated gene matrix was used for all phylogenies. Four major clades of the Incrustatula 300 clade dataset were recovered with good support from at least one inference method (Fig. 1) . 301 Overall support for the 'inclusive clade' phylogeny was high as 45 of 51 major nodes received 302 good support of either 70% bootstrap support or a posterior probability >0. 95 378 for multispecies coalescence was the most sensitive method, resolving all proposed species as 379 distinct. This scenario is appealing as it was able to distinguish all species that have support from 380 the three other species criteria; however, we detect some potential over-splitting in the R.
381 pseudopeckii and R. velutipes clades. These segregate clades are very similar morphologically to 382 their sister clades. Also, there is not much phylogenetic divergence between them, and they are 383 found in the same general location/region. By contrast, the SpedeSTEM approach was more 384 conservative and did not resolve the questionable splits as species; however, it did lump a sample 385 from Mississippi with the European species R. minutula. This would be the only transcontinental 386 species recovered in this study, and there is morphological evidence that reinforces the 387 recognition of the Mississippi sample as a separate species (Fig. 5 ). Based on coalescent analysis 388 in conjunction with geography and morphology (when available), we recognize here fourteen 389 species in this clade ( Fig. 2) . Of the single genes, rpb1 and tef1 were the best loci for detecting 390 our species delimitation using coalescence. These are also the two genes that had the highest 391 informativeness at deeper nodes in the phylogeny. A future challenge of systematics in hyper-diverse fungi such as Russulaceae is to resolve 446 clades that correspond to infrageneric ranks. This is an essential organizational tool for binning 447 species into evolutionary groups and facilitating biodiversity studies in speciose genera. Though 448 barcoding species with the ITS region is useful for stabilizing individual species concepts, no 449 single locus is sufficient to resolve these higher-level relationships. This is demonstrated in our 450 study and our attempt to resolve a clade in the Crown clade of Russula at the subsection level.
451 No single locus resolved the final topology of the Incrustatula clade with high bootstrap support 452 ( Fig. S1 ). Only mcm7 resolved the Roseinae clade with high support and only rpb2 resolved the 453 final topology without high support. Only when genes were concatenated did a well-supported 454 relationship between the four major clades become resolved, demonstrating the inference power 455 and importance of this multi-locus approach. Based on the results of our study, we find tef1 as 456 the best locus for resolving clades at the subsection level or above, whereas mcm7 appears to be 457 ideal for resolving species. Both of these loci should be used in concordance with the barcode 458 ITS region that performs at an intermediate level for resolving relationships at both scales.
459
Since R. albida has been included in the concept of Roseinae since its inception, we 460 propose the Roseinae clade to correspond to this subsection, which will need to be emended with 
